pression [10] . Resistance to the third-generation cephalosporins by E. coli is on the increase in Kuwait and in a recent study the predominance of CTX-M ESBL was demonstrated among E. coli and Klebsiella spp. isolated from patients cared for at one of the teaching hospitals in Kuwait [11, 12] . Anecdotal reports suggest that genes encoding CTX-M enzymes may be widespread in E. coli isolates in Kuwait.
This study was designed to investigate the distribution and sequence analysis of bla CTX-M -carrying E. coli isolated from patients admitted to the main government hospitals in Kuwait.
Materials and Methods

Bacterial Isolates
Eight government and teaching hospitals, namely Adan, Amiri, Fawaniya, Ibn Sina, Jahra, Maternity, Mubarak and Sabah hospitals, that contributed the isolates used for an earlier national susceptibility surveillance study were invited to participate in this study. They were asked to submit all ESBL-positive E. coli identified among the first 100 consecutive isolates obtained from clinical specimens in their laboratories during a 6-month period, January to May 2008; Adan Hospital submitted 11 isolates, Amiri 11, Fawaniya 12, Ibn Sina 35, Jahra 18, Maternity 4, Mubarak 5, and Sabah 10. For uniformity, all were required to carry out ESBL identification by both VITEK 2 (bioMerieux, Marcy-l'Etoile, France) and ESBL Etest (AB Biodisk, Sweden) methods that were available in all participating laboratories. Replicate isolates were omitted from the study. The ESBL-positive isolates were then sent to the Anaerobe and Hospital Infection Laboratory in the Department of Microbiology, Faculty of Medicine, Health Sciences Centre, Kuwait University, for confirmation and molecular analysis. Detailed biodata, including age, sex and nationality, were carefully recorded for each patient.
Confirmation of ESBL Production and Susceptibility Testing
Upon receipt, all isolates were immediately retested for production of ESBL by the ESBL Etest method. For this phenotypic characterization, the Etest ESBL method, using both ceftazidime/ ceftazidime combined with clavulanic acid and cefotaxime/cefotaxime combined with clavulanic acid strips (AB Biodisk), was carried out and results interpreted according to the manufacturer's instructions. In-house ESBL-producing E. coli strain K31 [11] and ESBL-negative strain were included in the test runs as positive and negative controls, respectively. Susceptibility testing was performed on all ESBL-positive isolates using the Etest method according to the manufacturer's instructions and results were interpreted according to the criteria recommended by the Clinical and Laboratory Standards Institute [13] .
PCR Confirmatory Testing and Sequence Analysis
ESBL-positive isolates were confirmed by PCR. Briefly, DNA extraction was performed using the NucleoSpin tissue kit (Macherey-Nagel). PCR amplification was then carried out to detect the presence of bla CTX-M , using the following published primer pairs: MA-1 5 -SCS ATG TGC AGY ACC AGT AA-3 and MA-2 5 -CCG CRA TAT GRT TGG TGG TG-3 [10] . The presence of TEM and SHV ␤ -lactamases was detected by PCR using previously described primer sets [10] . The size of amplicons was 550 bp. Salmonella strains 971 and C600 were used as positive and negative controls, respectively. Strains with PCR amplicons positive for bla CTX-M were sequenced and purified using a NucleoSpin extract kit (Macherey-Nagel) and then sequenced using Bigdye Terminator (Applied Biosystem). The nucleotides were analyzed by comparing them with previously described sequences in the GenBank database with software available on the website http://www. ncbi.nlm.nih.gov/blast.
Detection of IS Ecp 1
The genetic organization of the bla IS Ecp 1 was investigated by sequencing this short segment using the following primers: IS Ecp 1A (5 -GCA GGT CTT TTT CTG CTC C-3 ) and IS Ecp 1B (5 -ATT TCC GCA GCA GCA CCG TTT GC-3 ) [10] . PCR was performed as previously described [14] . The PCR products were analyzed by electrophoresis in a 1% agarose gel. Salmonella strain 971 was the positive control and distilled water the negative control.
Genotyping of Isolates
The CTX-M-15-positive strains were evaluated for genetic relatedness using pulsed-field gel electrophoresis (PFGE) with Xba I digestion of the genomic DNA separated by electrophoresis in a 1.2% agarose gel, as previously described [15] . The strains were compared based on the differences in the number and mobility of the bands.
Results
The total number of E. coli with ESBL phenotypes obtained from participating hospitals and confirmed by PCR were 136. Of the 136, 106 (77.9%) produced CTX-Mtype ESBL. These were obtained from patients aged 19-74 years (mean 59 years); 58 (54.7%) were females and 48 (45.3%) males, with a female-to-male ratio of 1.2: 1. Eighty (75.5%) and 26 (24.5%) of these were isolates taken from patients on admission and patients managed at the outpatient clinics, respectively. The majority (94 of 106; 88.7%) were from adult and 12 (11.3%) from pediatric patients. As shown in table 1 , the commonest source of isolates harboring CTX-M ESBL was predominantly urine (67%), followed by wound swabs (21.7%) and respiratory specimens (7.5%). Only 1.9% came from blood.
Distribution of bla CTX-M by Hospital
The distribution of these genes among the isolates from different hospitals in Kuwait is shown in table 2 . The majority of E. coli carrying bla CTX-M among the ESBLpositive isolates came from Ibn Sina Hospital (33%) followed by Jahra Hospital (17%); the least from Maternity Hospital (3.4%).
Sequence analysis of these bla CTX-M genes revealed a preponderance of bla CTX-M-15 genes found in 89 (84%) of the 106 isolates, followed by bla CTX-M-14 in 7 (6.6%), bla CTX-M-14b in 6 (5.7%), and bla TOHO-1 in 4 (3.8%). The predominant gene in all hospitals was bla CTX-M-15. The highest proportion of isolates harboring bla CTX-M-15 was detected in 4 of 4 (100%) isolates positive for CTX-M ␤ -lactamase in Maternity Hospital, followed by 9 of 10 (90%) in Sabah Hospital, 16 of 18 (88.9%) in Jahra Hospital, 30 of 35 (85.7%) in Ibn Sina Hospital, 10 of 12 (83.3%) in Fawaniya Hospital and 4 of 5 (80%) in Mubarak Hospital. In these hospitals, bla CTX-M-14 genes were relatively uncommon among the isolates. In only 3 hospitals, i.e. Fawaniya Hospital, Ibn Sina Hospital and Jahra Hospital, were isolates carrying bla CTX-M-14b detected. Those harboring bla TOHO-1 were confined to 2 hospitals, i.e. Amiri Hospital and Ibn Sina Hospital.
A total of 71 of the 106 (67%) isolates positive for bla CTX Seventy-eight (73.6%) of the 106 CTX-M-positive isolates harbored genes for TEM or SHV ␤ -lactamases while 4 and 2 non-CTX-M ESBL producers contained TEM and SHV and SHV ␤ -lactamases, respectively. Only 3 isolates harbored the 3 genes, bla CTX-M , bla SHV and bla TEM together; these were urinary isolates. A combination of bla SHV and bla CTX-M genes was found in 6 isolates, all cultured from urine, and all from Amiri Hospital, Jahra Hospital and Sabah Hospital. The combination of bla TEM and bla SHV genes without bla CTX-M was detected only in 4 isolates; all were also isolated from urine of patients in Amiri Hospital, Adan Hospital, and Jahra Hospital.
The ESBL Etest for ESBL production detected all the CTX-M, SHV and TEM-positive isolates from which confirmatory testing with PCR was performed. It was noted that testing both cefotaxime and ceftazidime was necessary for the detection of CTX-M-positive isolates. 
Distribution of CTX-M-Positive Isolates by Nationality
The distribution of the 106 CTX-M-positive isolates by nationality is shown in and bla TOHO-1 in E. coli isolates from this region were detected in isolates from Kuwaitis, Indians, SE Asians, Egyptians and Syrians, and Kuwaitis, Indians and Egyptians, respectively.
Clonal Relatedness of the Isolates Positive for CTX-M-15 ESBL
The Xba I PFGE fingerprints for 16 randomly selected CTX-M-15-positive E. coli isolates from different hospitals (2/hospital) are shown in figure 1 . All were genetically heterogeneous, as these isolates did not fall within a particular cluster, having been distributed among the entire dendogram.
Discussion
Our current experience in Kuwait lends credence to the dramatic worldwide increase in prevalence of CTX-M-type ␤ -lactamases, which appear to be the most widely spread enzymes produced among the family of En- terobacteriaceae. This assertion is supported by finding bla CTX-M , the gene that mediates CTX-M enzyme production, in approximately 78% of the ESBL-producing isolates either alone or in combination with other known ESBL-mediating genes, bla SHV or bla TEM . The dominant type representing 84% of all bla CTX-M genes was bla CTX-M-15 . Thus, CTX-M-15 is the most common CTX-M type detectable in E. coli in Kuwait. This confirmed the earlier report by Ensor et al. [11] , which found this enzyme to be the most common type among ESBL-producing strains of E. coli and Klebsiella spp. encountered in 1 single hospital in Kuwait. Over the last few years, different studies conducted in North America [9, 16, 17] , Europe [8, 18] and South America [19] have detected the emergence and increasing prevalence of CTX-M-15 enzymes among CTX-M-producing E. coli isolates. This enzyme type has also been found to be responsible for community outbreaks of multidrug-resistant E. coli infections in the UK and other locations [20, 21] .
Our results confirmed and extended the findings of Ensor et al. [11] in that our isolates from the entire country were also predominantly from urinary tract infec- tions (67%). This is in contrast to a study in Pennsylvania [22] in which the isolates were mostly non-urinary bacteria (69%), although the proportion of CTX-M-15-positive isolates among their collection was almost the same as ours. The types and distributions of bla CTX-M gene among our ESBL-producing isolates are similar to that which has been reported in some European countries, with a high percentage of isolates from urinary tract infections [3, 20] . A previous report from Kuwait also found a high prevalence of CTX-M-15 ␤ -lactamase in strains of nontyphoidal and typhoidal Salmonella spp., including S. enterica serotype Typhi [14] . This report together with Ensor et al.'s [11] and our present findings demonstrate the explosive nature of this enzyme in Kuwait. Thus, there is reason to be concerned in our setting, just as many other clinical microbiologists and infectious diseases experts are in the UK and other European countries [23] .
Our results revealed that Ibn Sina Hospital has the highest prevalence of bla CTX-M-15 in ESBL-producing E. coli followed by Jahra Hospital. Ibn Sina Hospital is unique for its richness in multidrug-resistant organisms because of the nature of its care. This hospital is the only tertiary referral hospital for burn, plastic surgery and also oncology patients for whom cocktails of antibiotics are usually administered. Jahra Hospital is a large general hospital with a great number of geriatric bed-bound patients for whom uncontrolled antibiotics are also usually prescribed. We noted that the situation in the other hospitals, which are general hospitals with more acute care patients, is different since they had less prevalence of this enzyme.
In the present study, a mobile genetic element, IS Ecp 1, which is a single-copy insertion sequence responsible for mobilization of bla genes and located upstream of bla CTX-M genes [24] , was found to coexist in 67% of our CTX-M ESBL-positive strains. This finding calls for concern because of the ability of IS Ecp 1 to facilitate the spread of resistance.
A very mixed population of ethnicities lives in Kuwait, and there is a constant movement of people to and from different parts of the world. Kuwait is a small country with a single metropolitan area and has a population of approximately 2.8 million people, of which about 1.3 (46.3%) are non-nationals. Frequent importation of many infectious diseases from Asia and Africa into Kuwait is common [14] . It is of great interest to note in this study that bla CTX-M-15 -positive E. coli isolates were mostly detected among Kuwaiti and other Arab populations, especially Egyptians, since this gene is said to be clonal and originating in India [23] . However, we also noted that a substantial number of isolates from Indian nationals carried the bla CTX-M-15 gene. The fact that many of the latter work as maids, drivers and cleaners and also in restaurants may in part explain the likelihood of introduction of bla CTX-M-15 -positive isolates into the population over time. Analysis of the PFGE pattern of the bla CTX-M genes demonstrates the heterogeneous nature of the enzymes, as there is no evidence of any clonal clustering within a single hospital or clonal spread across hospitals in Kuwait. Finding other types of CTX-M ESBLs, such as CTX-M-14, associated mainly with strains from China, and TOHO-1, found in Japan, further demonstrates the dynamic and fluid nature of the expatriate workers among the Kuwait population since nationals from these 2 countries are also well represented in Kuwait.
Conclusion
Our data demonstrate an explosive emergence of isolates positive for bla CTX-M-15 gene that appears to be highly prevalent in all hospitals in Kuwait and found in patients belonging to the predominant nationalities residing in Kuwait. We also detected no evidence of intra-or inter-hospital clonal spread.
